ABSTRACT Schima wallichii (DC.) Korth. (Theaceae) is a common canopy trees distributing from tropical to subtropical areas in East Himalaya, Southeast Asia and East Asia. Although many seedlings of S. wallichii are planted to rehabilitate degraded natural forests in West Java, there are few studies of its genetic differentiation and the risk of plantation to disturb the genetic structure. There is also debate whether Schima trees in Java and Ryukyu are in a same species or not. This study was initiated to remedy these deficits by screening genetic differentiations using inter simple sequence repeats (ISSR) analysis with eight primers. Leaves were sampled from 250 trees at seven sites in the Mt. Halimun-Salak and Mt. Gede-Pangrango National Parks in West Java, and 32 trees at four sites on Amami Islands of the middle Ryukyu Archipelago. Principal component analysis (PCA) of 155 polymorphic bands from 282 trees showed that Schima in both regions had high level of genetic variation within a given site. Genetic differentiations among sites in a region was low though some sites had a significantly different mean of PCA scores from other sites. The introduction of seedlings from other sites in the same region may have a low risk of genetic pollution though many mother trees should be prepared to maintain the variation in a site. The first scores of PCA discriminated trees of Java from those of Amami without overlap. Schima in West Java and Amami are probably different subspecies or species from each other.
INTRODUCTION
Schima wallichii (DC.) Korth. (Theaceae) is an evergreen tree distributing in East Himalaya, Southeast Asia, East Asia, and Japan (Ryukyu Archipelago and Ogasawara Islands) (Tuyama 1989) . This tree becomes 45 m in height and 127 cm in diameter, is found across a wide range of climates of the tropical and subtropical zones, from 5 to 3300 m in elevation, but not grow naturally in dry climate areas such as Central and East Java (Bloembergen 1952) . It is particularly common in disturbed land and secondary forest, and is characterized as fire-tolerant (Simons et al. 2005) . West Java has two national parks, Mt. Halimun-Salak National Park (113, 357 ha) and Mt. Gede-Pangrango National Park (21, 975 ha) to protect tropical mountain forests in natural condition. S. wallichii is one of the dominant species in the canopy layer of the forests with Altingia excelsa (Hamamelidaceae), Castanopsis and Quercus (Fagaceae). In recent years, projects for the rehabilitation of the natural forest have been initiated in both national parks because many forest areas even in the parks were disturbed by illegal logging etc (Kubo and Supriyanto 2010) . The most popular seedlings for plantation are S. wallichii, because it is a native species, the seedlings are easily produced from seeds at nursery, and quickly grow after plantation. Generally, the genetic characteristics of a sexually reproducing species vary among localities. Thus, planting domesticated plants may alter the genetic structure of a population if seedlings are introduced from other localities. The introgression of alien alleles may affect the original native genotype, for example, by reducing genetic diversity when large numbers of genetically monotypic seedlings are planted at a single time. In order to preserve forests without causing significant changes in the genetic characteristics of the species, it is necessary to determine genetic structures prior to and during the implementation of a transplantation strategy. To date, no analysis of genetic differentiation in S. wallichii in the national parks has been reported, though several projects to rehabilitate natural forests by planting S. wallichii are on going in Mt. Halimun-Salak and Mt. GedePangrango National Park. Schima wallichii is also a common tree in secondary and primary forests in Ryukyu Archipelago of Japan (Sako 1996 , Kubota et al. 2005 , and Amami-Oshima in the Ryukyu Archipelago is its northern limit in Japan (Hatusima 2004) . The segregated population in small islands may have unique genetic composition though there is no genetic study of S. wallichii in Japan. Because S. wallichii has a great morphological variation among localities in its wide distribution range (Bloembergen 1952) , there has been debate as to the number of species (Prince 2007) . For example, Bloembergen (1952) recognized only one species, S. wallichii with nine subspecies and three varieties, and Airy Shaw (1985) mentioned that Schima has 15 species. Schima in Ryukyu Islands and Indonesia are treated as one species by Tuyama (1989) and Nagamasu (2006) , as subspecies by Bloembergen (1952) and Hatusima (2004) , and as different species by USDA (2014) . Their studies based on morphological characteristics, the relationships within Schima have not been addressed with molecular data (Prince 2007) . Thus the first aim of this study was to analyze the genetic variation of S. wallichii in a given site and differentiations among sites in West Java. If trees in a site have great variations, small number of mother trees collecting seeds for seedlings of plantation will decrease the variation. If differentiations among sites are great, seedlings from other site will make change of genetic structure among sites. The second aim was to analyze the genetic difference between West Java of Indonesia and Amami Islands of Japan. There is no comparative study of genetic differentiation between tropical and subtropical regions. Genetic information between these regions is needed to discuss the taxonomical status of S. wallichii sensu lato.
MATERIALS AND METHODS

Sampling processing
Samples were collected in two areas, West Java Province of Indonesia and Amami Islands of Japan (Fig. 1 ). Leaves were collected from material trees at six sites in the Mt. Halimun-Salak National Park and one site in the Mt. Gede-Pangrango National Park, which is situated about 30 km east of Gn. Halimun-Salak National Park, West Java Province in 2010 (Fig 2a) . Leaf samples were also collected at Amami-Oshima and Uke-jima of Amami Islands (Kagoshima Prefecture) of the middle Ryukyu Archipelago, Japan in 2011 (Fig. 2b) . All samples belonged to S. wallichii sensu lato (Tuyama 1989) , with the possibility of different lower taxa: subsp. noronhae in West Java and subsp. liukiuensis in Amami Islands (Bloembergen 1952 ). Hereafter we designate the two regions as Java and Amami, respectively. Details of the collection sites are given in Table 1 . In Java, 359 trees were randomly selected and young leaves were collected. Tree heights, diameters at breast height (DBH), and growing positions were recorded. Diameters at 1/10 tree height were recorded for seedlings of less than 130 cm. (1, mertensiana; 2, liukiuensis; 3, noronhae; 4, wallichii; 5, oblata; 6, bancana; 7, crenata; 8. monticola; 9, brevifolia) redrawn from Bloembergen (1952) .
Seedlings (height＜1.3 m), young trees (height≧1.3 m and DBH＜5 cm), and mature trees (DBH≧5 cm) composed 39 %, 42 % and 39 % of sampled trees, respectively. In total, 250 of the leaf samples were analyzed; the remaining samples were excluded for various reasons, namely, poor quality DNA after extraction, PCR failure, or unclear gel patterns after electrophoresis. Leaves were collected from 32 matured trees in Amami, which has the most northern populations of S. wallichii. The collected leaves were cleaned and dried quickly in plastic bags filled with silica gel; the samples were then brought to a laboratory in Japan after obtaining the proper permissions.
Genetic analysis
We examined genetic difference using analysis of inter simple sequence repeats (ISSR), a convenient PCR-based technique that involves amplification of DNA fragments between two inversely oriented identical microsatellites, i.e., simple sequence repeats (SSR) (Gupta et al. 1994 , Reddy et al. 2002 , Zietkiewicz et al. 1994 . In plants, most microsatellites are composed of dinucleotide repeats. It is therefore not necessary to construct species-specific primers to detect ISSR polymorphisms. This is also true for random amplified polymorphic DNA (RAPD) analysis (Wang et al. 1994 , Zietkiewicz et al. 1994 , Moreno et al. 1998 ); however, the longer primers (16-25 mer) used for amplifying ISSRs are more tolerant of high annealing temperatures (45-60ºC), which improves the reproducibility of the ISSR technique compared to RAPD analysis in which 10-mer primers are used (Reddy et al. 2002) .
The protocol used for ISSR analysis was derived with modifications from the methods recommended for Theaceae by Bahulikar et al. (2004) and Su et al. (2008) . Total genomic DNA was extracted from the dried samples using the Plant Genomic DNA Extraction Miniprep System (ViogeneBiotek Corp.). ISSR variations among the samples were iden- 
, and 5＇-CTCCCTCCTCC TCCTCCTC-3＇ (UBC866). Amplification was performed under the following conditions: an initial denaturation step of 8 min at 95ºC, followed by 32 cycles of 1 min at 95ºC for denaturation, 1 min at 46ºC for annealing, 2 min at 72ºC for extension, and a final extension step of 8 min at 72ºC. The PCR products were electrophoresed on a 1 % agarose gel (Dojindo Laboratories Co., Ltd., Kumamoto, Japan) and visualized under UV light after staining with ethidium bromide (Amresco, Ohio, USA). The sizes of the amplification products were estimated using a 100 bp DNA ladder (Bioneer Inc., Daejeon, Korea). Overall, 282 samples provided usable results with all eight primers after PCR and electrophoresis. Polymorphic ISSR bands were scored as absent (0) or present (1) for all individual samples. Unbiased heterozygosity (Nei 1987) was calculated on the assumption that each ISSR band means a dominant gene (allele), and the population is in the condition of Hardy-Weinberg equilibrium. A principal component analysis (PCA) was performed to determine if there were any trends in genetic differentiations among the sites. Euclidean distances among individuals were calculated and a cluster dendrogram was constructed.
To analyze the relationship between spatial distance and genetic similarity in a 1-ha plot, the pairwise similarity of the polymorphic ISSR bands between two samples was calculated using Jaccard＇s coefficient of community (Jaccard 1901):
where GD is the genetic similarity index between two individuals (i and j), a is the number of bands that appear in both individuals, and b and c are the number of bands present only individual i and only individual j, respectively. The genetic similarities between pairs were randomly permutated by our original programs using Microsoft Visual Basic 6.0, and the average genetic similarity in 1,000 trials was calculated for each distance class. The interval from 26 th to 975 th ordered permutation was treated as the 95 % confidence interval in this simulation (Degen and Scholz 1998, Watanabe et al. 2006) . All calculations in the analyses were performed using the free software "R (ver. 3.03)" (http:// www.r-project.org/) and Excel (Microsoft Corp.).
RESULTS
Variation in a site
Cikaniki I population, which had the largest sample size (83 individuals) were sampled from a 1-ha permanent plot of 100 m×100 m (Suzuki et al. 1997) in an old natural Table 1 ) by an average clustering method. The trees were divided into three clusters (A, B and C).
forest dominated by Altingia excelsa, Fagaceae spp. and Schima. The biggest trees of them were 107 cm, 98 cm and 74 cm in DBH, respectively. Cluster analysis of the bands showed that it branched at high genetic distances (Fig. 3) . This result indicates the presence of a large genetic variation within the population as a whole. When the 83 individuals were divided into three clusters of A, B and C, cluster A of ten individuals separated at the base of the dendrogram, and cluster C of four individuals separated next. Most individuals (69) belonged to cluster B. Fig. 4 shows location of sampled trees in the 1-ha plot. Trees in each cluster A and C seemed to distribute near trees of the same cluster.
The mean distances of all combinations of 83 individuals, cluster A, and cluster C were 35.4 m, 19.6 m and 28.7 m, respectively. The distance of cluster A was significantly shorter than that of all (Tukey multiple comparison procedure, p＜10 -12 ). The relationship of spatial distance and genetic similarity (Jaccard＇s coefficient of community) between two individuals were calculated in all combinations (Fig. 5) . The values of Jaccard＇s similarity index in Fig. 5 had significant inverse relationship with those of dissimilarity index of Euclid distance in Fig. 6 (r＝-0.929). The level of genetic similarity between two individuals lay in the range of the 95 % upper and lower limits of a random distribution. Though cluster A and C seemed to make spatial clumps, there was no general tendency to make spatial structure as a whole.
Differentiation among sites in Java
To clarify the genetic differentiations among sites we analyzed the patterns of absence or presence of the bands for each individual with PCA using all data from Java and Amami. Fig. 6 shows the first and second scores of PCA. The PC1, PC2 and PC3 explained 18.0, 6.6 and 3.4 % of variance. Fig. 2a shows the geographic locations of the sites of Java. The distances between sites were from 1 km to 53 km. Though the distribution range of sites on scattered diagram of PC1 and PC2 overlapped greatly each other (Fig. 6) , boxplots of PC1 and PC2 values for each site show some differences (Fig. 7) . Tukey multiple comparison procedure indicated that PCI and PC2 in Salak had significantly different means from others (p＜0.01) except Cianten. Though Cibodas belongs to another national park, and most distant from other sites, it had similar values with those in Halimun except Salak.
Differentiation among sites in Amami
In Amami we sampled at four sites which were from 10 to 50 km distant from each other (Fig. 2b) . Figure 8 shows the first (PC1) and second (PC2) PCA scores of 32 samples of Amami. The four sites had some difference from other sites in PC1 or PC2. Fig. 9 shows the boxplots of PC1. Yamato (No. 2 in Fig. 8 
Differentiation between Java and Amami
The eight ISSR primers produced a total of 158 bands that could be unambiguously scored. Of these, 155 (98 %) were polymorphic in the 282 samples; 25 bands were unique in the 250 samples of Java, and 31 bands in the 32 samples of Amami. We made random trials of 100,000 times to separate the 282 samples into two groups of 250 and 32 samples in computer. The results was that the numbers of unique bands in 250 samples ranged from 1 to 50, and its average was 15.1 (SD＝6.4). The probability that 250 samples have 25 or more unique bands was 0.073. That of 32 samples ranged from 0 to 2, and the average was 0.016 (SD＝0.128). The probability that 32 samples have 31 unique bands was much less than 10 -5 . It means that samples from Amami have more unique DNA bands than expectation from random distribution. Polymorphism was found for 117 of the 127 bands (92 %) in Java group. Het- Fig. 7 . Boxplots of the genetic differences (PC1 and PC2) for each site from West Java. Sites with same alphabet (a,b,c) in the parentheses had no significant difference in the average (Tukey multiple comparison procedure, p＜0.01).
erozygosity (H) at each site was 0.215 to 0.280 and no clear difference among site (Table 1) The values were similar to those ISSR data of Camellia (0.15-0.28 in Wang and Ruan 2012) and AFLP data of Schima superba (0.197-0.353 in Wang et al. 2000) . The analysis of absence or presence of the bands for all samples with PCA showed that PC1 values between Amami and Java groups had no overlap (Fig. 6 ). As suggested by the unique band number in Java and Amami, Schima in the two regions had a great difference in genetic composition.
DISCUSSION
Difference in and among sites
The present study indicated DNA variation in a site was high though the level of genetic differentiations among the seven sites of S. wallichii was comparatively low. One practical suggestion from these results to forest rehabilitation is that seeds used in nursery should be collected from many mother trees. Limited number of mother trees will decrease the genetic diversity in a site. Another suggestion is that the risk of genetic "pollution" by a program of seedling transplantation from other site in West Java may be not so high. However some genetic differences among sites were found. In particular, there was evidence that trees in or around Salak had unusual genotypes. It is also possible that S. wallichii individuals carry more genetic diversity in West Java than identified in this study. We recommend that the site of seed source to make seedlings of plantation should be considered. As Bloembergen (1952) mentions different subspecies or varieties of S. wallichii distribute on Borneo, West Java, and Sumatra Islands, introduction of S. wallichii from other islands will make its genetic pollution. Because S. wallichii does not distribute naturally in Central and East Java (Bloembergen 1952, Backer and Bakhuizen 1963) , its introduction from West Java to other parts of Java makes a change of the local flora. Backer and Bakhuizen noticed naturalized S. wallichii in Central and East Java before 1963.
Next we discuss the base of biology to make these results. S. wallichii reproduce itself from seeds. Wang et al. (2000) analyzed genetic variation of 48 individuals of Schima superba in subtropical China from three sites with the amplified fragment length polymorphism (AFLP). Their results are similar to our results: differentiations among sites were small, and variations within site were large. Species of Schima are dispersed with small winged seeds for long distance, and have habit of pioneer growing vigorously on open lands though survive in old forest as canopy trees. They are common species in burnt areas though they rarely sprouts from stump. Okun et al. (2008) mention that longlived species (such as trees) and out-crossing species have greater genetic variations within than between populations. S. wallichii in Himalaya is partially self-incompatible species and many insects visit its flowers (Khanduri et al. 2013) , this species seems to make seeds mostly by out crossing. These characteristics may decrease the genetic variation among sites.
The principal component analysis identified genetic differences among the sites though the level of differentiation was low. It was not simply correlated with distances among sites. There was no difference between the distant sites Halimun and Gede-Pangrango (Fig. 7) , though the Salak population locating middle of the two sites ( Fig. 2a) significantly differed from them. It is possible that individual trees in or around Salak possess a peculiar genotype. Mt Salak and Mt Gede-Pangrango are active volcanoes. Probably extinction by eruption and natural rehabilitation of forest repeated many times. This process might make a complex structure in genetic difference.
In Amami, there were also significant differences among some sites (Fig. 8 ). The differences among sites were not directly related with their spatial distances. Amami Islands have complex topography and geology (Geological Survey of Japan, AIST (ed.). 2014). Schima seemed to distribute sporadically in Amami where is near the northern boundary in distribution area of genus Schima, and might make genetic differentiation among isolated populations.
Differentiation between West Java and Amami
This study also demonstrated that S. wallichii trees have greatly different genotypes in Java and Amami. We also found a difference in the shape of the petals: those in Java had a length to width ratio of 1.2 compared to 1.9 in Amami (Fig. 10) though Bloembergen (1952) does not describe shape of petals. There is a long history of debate on the taxonomy of Schima as mentioned in introduction. Schima in Java and Amami is considered same species by some authors, subspecies, or different species by other authors.
Our results indicate that they should be divided into different taxa in subspecies or species level. However, there is not enough genetic and morphological information of this species in all distribution areas. It is therefore possible that S. wallichii might need to be reclassified taxonomically depending on future analyses of genetic and morphological variations in this widely dispersed species. Recently, 36 microsatellite markers for S. superba were newly developed by Niu et al (2012) . Further research using such genetic markers might be necessary to clarify the relationship within and among populations of Schima species.
